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ABSTRACT

A PHARMACOLOGICAL AND ENDOCRINOLOGICAL STUDY OF FEMALE
INSEMINATION IN THE BLOW FLY, PHORMIA REGINA

SEPTEMBER 1996
BRIAN P. EVANS, B.S., ST. LAWRENCE UNIVERSITY
M.S., UNIVERSITY OF MASSACHUSETTS AMHERST
Directed by: Professor John G. Stoffolano, Jr.
Hormones have been shown to play key roles in the mating behavior of many
insects, but no studies have examined the role of biogenic amines.. Earlier studies on
feeding behavior demonstrated that amphetamine is able to deplete biogenic amine
levels in the CNS of the blow fly, Phormia regina. Thus, amphetamine could be used to
evaluate the possible role of biogenic amines in sexual behavior. Injection of 12 ug of
amphetamine into sexually competent (i.e., protein-fed) female P. regina inhibited
female insemination by 43.3% during the period 2 to 90 min post-injection and by 70.0%
during the period 10 to 60 min post-injection.

When the amine levels were shown to

gradually recover by 180 min post-injection, amphetamine had no significant effect on
female insemination.

These data suggested a possible role for the biogenic amines in
-■4

female insemination.
The biogenic amines, octopamine and dopamine, and the octopaminergic
agonists,

clonidine

and

naphazoline,

incompetent females (i.e., sugar-fed).

enhanced

female

insemination

in

sexually

Octopamine (75 ug) and dopamine (50 ug)

VI

produced insemination percentages (56.0% and 22.2% , respectively) which were both
significantly different from the controls (6.7% and 3.3% respectively).

The amine,

serotonin, did not enhance female insemination. Clonidine (20 wg) and naphazoline (15
ug) both produced insemination percentages that were significantly different from the
controls. Time-response curves demonstrated that clonidine did not have a significant
effect until sometime between 4 and 8 h post-injection (46.4% versus 3.3%) and
naphazoline did not have a significant effect until sometime between 8 and 15 h post¬
injection (24.5% versus 0.0%).
The application of the juvenile hormone (JH) analogue, methoprene (2x5 ug), to
sexually incompetent females caused

significant enhancement of insemination (82.0%

versus 0.0% insemination for the controls) while the allatectomy of sexually competent
females was shown by Qin (1996) to produce a significant reduction of insemination.
Since the application of a JH analogue was able to enhance female insemination, it was
proposed that clonidine, one of the compounds tested, might be acting on the corpus
allatum (CA) to increase JH biosynthesis/release and hence, to prepare the female for
mating activity.

The administration of the anti-allatal agent precocene II, prior to

clonidine administration, did not inhibit the effects of clonidine. In addition, allatectomy
did not have a significant effect on the insemination-enhancing effects of clonidine. The
removal of the CA at specific times post-injection with clonidine and the subsequent
determination

of JH biosynthesis/release showed that clonidine did not significantly

affect JH biosynthesis/release. These studies demonstrate that the CA does not perform a
significant role in the insemination-enhancing effects of clonidine and it is proposed that

VII

clonidine may be acting downstream on the regulatory mechanisms involved in female
insemination.
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CHAPTER I
LITERATURE REVIEW

Introduction
Within the past seven years, the primary focus of this laboratory has been to
study interactions among nutrition, endocrines, and oogenesis in the black blow fly,
Phormia regina (Zou et al., 1989; Yin et al., 1989; Yin and Stoffolano, 1990; Yin et al.,
1990; Yin et al., 1994; Qin et al., 1995). Female P. regina require a carbohydrate diet for
their

survival

insemination.

and

a proteinaceous

meal

for ovarian

development

and

female

A proteinaceous meal is required for the midgut peptide hormone to be

released into the hemolymph and to activate the neuroendocrine processes leading to
oogenesis and female insemination.

It is believed that the midgut peptide hormone

stimulates the release of a hormonal factor. This factor causes the coipus cardiacum to
release another

factor which stimulates ecdysteroid production and allows the corpus

allatum (CA) to synthesize and release juvenile hormone (JH).

JH and ecdysteroids

influence the processes that result in the development of the ovaries (Yin et al., 1989,
1990; Qin et al, 1995) and female insemination (Qin, 1996).
Since JH plays a major role in female insemination in protein-fed, female blow
flies a question arises: How is this hormone acting on the central nervous system (CNS)
to influence female insemination?

The biogenic amines act as neurotransmitters,

neuromodulators, and neurohormones in the CNS of insects and have many physiological
and behavioral effects (Evans, 1980).

Are these endogenous compounds somehow

involved in preparing the insect for mating activity?

1

A pharmacological investigation was undertaken to determine the effect of the
biogenic amines on female insemination. Since amphetamine has been shown to deplete
the levels of various biogenic amines in Phormia regina, amphetamine was used here to
deplete aminergic levels in the CNS of protein-fed, female, adult blow flies in order to
determine whether their depletion was able to inhibit female insemination. In addition,
sugar-fed females (which normally do not mate) were injected with aminergic
compounds to determine whether or not these compounds were able to enhance female
insemination.
The literature on the role of JH in sexual receptivity in insects will be reviewed
with the primary emphasis being placed on its role in dipteran species. I will then
introduce the reader to endogenous compounds known as the biogenic amines, which are
found in the CNS of both vertebrates and invertebrates. Subsequently, their effects on
behavior and physiology in insects will be discussed with the primary focus placed on
behavioral aspects.

Finally, how one particular amine, octopamine (OA), acting as a

neurotransmitter, neuromodulator, and neurohormone, influences flight behavior in the
locust will be discussed.

JH and its Effects on Sexual Receptivity in Insects
Ringo (1996) defines sexual receptivity as “....a female behavior that allows or
helps a male to fertilize her eggs”.

In order for receptivity to occur, the female must

exhibit short-range signals. These short-range signals occur just prior to mating and may
be physical (i.e., protrusion of the ovipositor or a mating dance) and/or chemical (i.e.,
contact pheromones).

Many species of Lepidoptera and Blattaria use long-range signals
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to attract a mate prior to exhibiting receptive behavior.

Several studies have used

insemination as a means of determining whether or not a female is “receptive” without a
careful analysis of the behavior (Barth and Lester, 1973).

Nevertheless, this literature

review will group these studies under the heading of “receptivity”.

The experiments,

which will be described in the subsequent chapters, will use the phrase “female
insemination” since a careful analysis of the behavior will not be investigated.
The CA synthesizes and releases JH, which plays key roles in vitellogenesis,
oocyte growth, and absorption of hemolymph yolk proteins in insects (Raabe, 1989).
Various studies have determined a role for JH in primary mating receptivity while others
have not. In the cockroach, Leucophaea, allatectomy inhibits receptivity (Engelmann,
1960).

Application

of precocene II, an antiallatal agent, reduces receptivity in the

milkweed bug, Oncopeltus fasciatus (Walker, 1978).

The

JH mimetic, fenoxycarb,

induces the precocious onset of mating and allatectomy inhibits receptivity in the moth
Agrotus ipsilon (Gadenne, 1993). Contrary to these studies suggesting a stimulatory role
for JH in receptivity, JH injection inhibits receptivity in the female cockroach Blattella
germanica (Ramaswamy and Gupta, 1981).
In the Orthopterans, the role for JH in receptivity varies among species. In the
locust, Schistocerca gregaria, allatectomized females copulate but do not show an active
form of sexual display or attraction (Strong and Amerasinghe, 1977).

Allatectomy

causes the female cricket, Acheta domesticus, to be sexually unresponsive to courting
males (Koudele et al, 1987).

This behavior can be reversed by JH III application

(Koudele et al., 1987). In another cricket species, Gryllus bimaculatus, allatectomy has
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no effect on receptivity (Orshan and Pener, 1991). In allatectomized female grasshoppers
of Gomphocerus rufus, receptivity is inhibited and the implantation of active CA leads to
the return of receptivity a few days later (Loher, 1962). Weed-Pfeiffer (1939) finds that
allatectomy inhibits receptivity in the grasshopper, Melanoplus differentialis, while in
another grasshopper species, Chorthippus curtpennis, allatectomized females accept
courting males (Hartmann and Loher, 1974).
More studies have been done on JH’s (CA) role in receptivity in Diptera than in
any other insect order. The JH analog (JHA), ZR-515, induces precocious receptivity in
Calliphora vomitoria (Trabalon and Campan, 1984). In Phormia regina (Qin, 1996) and
Musca domestica (Adams and Hintz, 1969), allatectomy
inhibition can be reversed by JHA.

inhibits receptivity and this

In two medically important dipteran species,

Glossina morsitans (Gillott and Langley, 1981) and A. aegypti (Lea, 1968; Gwadz, 1972),
receptivity is influenced by JH. In A. aegypti, allatectomy increases refractoriness to
insemination (Lea, 1968). When a JHA is administered to anautogenous strains of A.
atropalpus, females become sexually precocious and are inseminated as early as
autogenous strains (Gwadz, 1970).
There have been more than a few studies done on receptivity in Drosophila. A
JHA induces precocious sexual behavior in Drosophila grimshawi (Ringo and Pratt,
1978) and D. melanogaster (Bouletreau-Merle, 1973).

Manning (1966) finds that

injection of active CA into D. melanogaster induces the precocious onset of receptivity.
Recently, Ringo et al. (1991) have discovered that female D. melanogaster, which
possess a mutant ap4 gene, are JH-deficient and are less receptive than normal flies.
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One area that should be mentioned is that of the role of JH in sex pheromone
biosynthesis and/or release in insects. Although sex pheromone production, release , and
the behavior associated with pheromone release are not usually considered to be a part of
receptive behavior in the strict sense (except in the case of insects which produce contact
pheromones), there have been many studies done in this area which are important and
relevant. Only a short overview and some examples will be presented. In one species of
Lepidoptera, JH plays a dominant role in the initiation of calling behavior (a behavior
usually associated with the release of pheromone) and pheromone production (Cusson
and McNeil, 1989). Removal of the CA has no effect on calling behavior in Manduca
sexta (Itagaki and Conner, 1986) while in Plodia interpunctella, treatment with JH
represses calling behavior (Oberlander et al., 1975). Webster and Carde (1984) find that
treatment with a JH analogue blocks pheromone production, elicits oviposition, and
terminates calling in the omnivorous leafroller moth, Platynota stultana.

In most moth

species though JH has been shown to play no role in pheromone production/release and
calling behavior.

Pheromone production is under the control of the CA in the

cockroaches, Byrsotria fumigata (Barth, 1962), Supella longipalpa (Smith and Schal,
1990), and Blattella germanica (Liang and Schal, 1994).

JH plays a role in pheromone

production in some species of Coleoptera (Vanderwel and Oehlschlager, 1987).

The

ecdysteroid, 20-hydroxyecdysone induces pheromone production in some Diptera
(Blomquist et al., 1987). A more recent study has confirmed this and suggests that JH
has a more indirect effect on pheromone production (Trabalon et al., 1994). There seems
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to be little or no role for JH in sex pheromone biosynthesis in D. melanogaster (Wicker
and Jallon, 1995).

Biogenic Amines as Neurotransmitters. Neuromodulators, and
Neurohormones in Insects
The biogenic amines are amino acid derivatives (molecules with one nitrogen
atom in combination with one or more hydrogen atoms) found in and among the cells
making up the peripheral (PNS) and central nervous systems (CNS) of vertebrates and
invertebrates.

These endogenous chemicals have been identified and proposed as

putative neurotransmitters, neuromodulators, and /or neurohormones in the nervous
systems of vertebrates (Cooper et ai, 1991) and invertebrates (Evans, 1980; Walker,
1984; Evans, 1985; Brown and Nestler, 1985; David and Coulon, 1985; Bicker and
Menzel, 1989; Kravitz, 1988,1990; Harris-Warrick and Marder, 1991; Downer and
Hiripi, 1994)
Evans
neurohormone.

(1980)

defines

the

terms

neurotransmitter,

A neurotransmitter is a “...chemical messenger

neuromodulator,

and

that is released at a

specialized synaptic structure and then diffuses across a narrow synaptic cleft to act on a
specialized region of membrane on a post-synaptic cell”(Evans, 1980). This cell may be
a muscle, another neuron, or a specialized gland cell. Neuromodulators “...either change
■■4

the quality of the information being passed through a conventional synapse or change the
spontaneous activity of a receptive neuron or muscle cell” (Evans,

1980).

A

neurohormone is defined as a “...chemical messenger released from the nervous system
into the circulatory system” (Evans, 1980). It is able to affect many post-synaptic cells
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and is not necessarily confined to affect just one cell. In the case of neurohormones and
neuromodulators, no specific synaptic structure is present and release usually occurs from
“blindly-ending neurosecretory terminals”.
structural

aspects

of these

Rheuben (1995) provides insight into the

“blindly-ending

associations with insect skeletal muscles.

neurosecretory

terminals”

and

their

Although subsequent papers have produced

modified definitions of these terms, the basic meanings have not changed very much.
In vertebrates, dopamine (DA), epinephrine (EP), norepinephrine (NE), serotonin
(5-HT),

and histamine

are

believed to

function either as

neurotransmitters

or

neuromodulators (Grilly, 1994). Although these amines are found in various quantities in
insects, only two of the compounds mentioned above, DA and 5-HT, have been identified
and proposed as neurotransmitters, neuromodulators, and/or neurohormones in insects.
OA and its precursor tyramine (TY) have also been shown to fulfill these roles in insects
(Downer and Hiripi, 1994). Although TY and OA are also located in vertebrate nervous
tissues, these have not been researched as extensively as the catecholamines DA, NE, EP,
and 5-HT. This could be due to the fact that concentrations of OA are usually two orders
of magnitude lower than the concentrations of the catecholamines and 5-HT in mammals
(David and Coulon, 1985).

The following sections will discuss the behavioral and

physiological roles of these amines with the primary focus placed on their roles in
behavior and responsiveness in insects.

Involvement of Biogenic Amines in Behavior and Responsiveness
In vertebrates, DA and 5-HT are shown to be involved in many behaviors while
OA’s effects on behavior are not as well-known. OA increases locomotion and induces
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hypothermia in rats (David and Coulon, 1985). DA plays a modulatory role in behavior,
influencing emotional, mental, and motor functions (Stein, 1978). DA plays a role in the
sexual behavior of male rats (Melis and Argiolas, 1995). Sexual activity, mood, degree
of pain sensitivity, aggression, sleep, and some psychotic symptoms are believed to be
influenced by serotonergic systems (Coopered/., 1991).

In invertebrates, much of the

research has attempted to discern the roles of 5-HT and OA in behavior. The most wellknown behavior that has been studied is aggressiveness in the lobster (Kravitz, 1988).
After an aggressive encounter between lobsters, the dominant lobster stands in an
elevated position (mimicked by 5-HT injection) and the subordinate lobster stands in a
subordinate position (mimicked by OA injection).

OA and 5-HT also have opposite

effects on the lateral giant escape reaction of the crayfish (Glanzman and Krasne, 1983).
Serotonin has been shown to influence swimming in Aplysia (Parsons and Pinsker, 1989;
Mackey and Carew, 1983) and the leech (Willard, 1981),

locomotor and phototaxis

behavior in the crab (McPhee and Wilkens, 1989), sensitivity of photoreceptors in the
nudibranch (Crow and Bridge, 1985), and cestode migration in the intestinal lumen of
rats (Mettrick and Cho, 1982). DA maintains the crustacean ventilatory pattern generator
rhythm in the crab (Rajashekhar and Wilkens, 1992).
The biogenic amines affect responsiveness and behavior in insects (Table 1.1).
■4

OA’s effects on behavior and responsiveness have been determined in a number of
species. In all of the processes influenced by OA in Table 1.1, OA tends to enhance or
positively modulate that process.

OA significantly enhances sensitivity to pheromone

reception when injected into the dorsal region of the protocerebrum of male gypsy moths
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(Linn et al, 1992). OA enhances egg-laying activity (determined by the number of eggs
laid 24 h after injection) in Galleria mellonella (Abdoun et al., 1995). In male Anopheles
stephensi, the antennal hairs are set into resonant vibration by the sound of the flying
female.

These hairs are believed to be the primary receiver of conspecific and sex

specific signals in male mosquitoes. OA increases this hair erection (Nijhout, 1977). In
the male cricket, there is a fixed time interval between spermatophore protrusion and
courtship stridulation called the post-spermatophore protrusion silence (Nagao et al.,
1991). This interval is reduced by OA (Nagao et al, 1991). Although Christensen et al.
(1991) find that OA stimulates pheromone production in Helicoverpa zea, Ramaswamy
et al. (1995) find that OA has no effect.
In most of the processes in which OA has a positive effect on a particular
process, 5-HT would typically have an opposite effect on that process.

Adult Aedes

triseriatus injected or orally fed with oe-methyl tryptophan, a 5-HT depleting drug, do not
blood-feed to repletion as often as the saline-injected mosquitoes (Novak and Rowley,
1994). Those that do feed to repletion take longer to do so (Novak and Rowley, 1994).
The production of the 5-HT metabolite, melatonin (MEL), in the cabbage looper moth is
found to be circadian in nature. This combined with the fact that MEL production is able
to mimic the lengths of a wide range of dark periods leads Linn et al. (1995) to suggest
that MEL may act as an internal Zeitgeber.
One of the more interesting studies has been the different effects of the biogenic
amines on the escape circuit in the cockroach.

Application of OA to the terminal

abdominal ganglion enhances the responsiveness of the abdominal intemeurons to wind

9

stimulation of the cerci.

5-HT application to the metathoracic ganglion decreases the

response of leg motorneurons and DA enhances the response of leg motorneurons to the
activation of interneurons in the abdominal nerve cord (Goldstein and Camhi, 1991).
Thus, many examples have been given concerning the ways in which the biogenic
amines influence various processes in insects. It is evident from Table 1.1 that there have
been no studies done on the role of the biogenic amines in female insemination.

Physiological Effects of the Biogenic Amines in Insects
Table 1.2 provides the reader with a list of the physiological processes that are
influenced by the biogenic amines. By no means is this list complete, but it provides the
reader with a general list of the processes that have been affected by the biogenic amines.
For more insight into OA’s physiological effects, refer to Corbet’s paper discussing “the
arousal syndrome” in insects (Corbet, 1991). Evans (1985) provides an in-depth review
of OA. David and Coulon (1985) go into detail with some of DA’s physiological roles
although there have been very few studies in this area.

Qctopaminergic Modulation of Flight Behavior in the Locust
Orchard et al.(1993) propose a model to describe OA’s role in locust flight
behavior based on the many studies that have been done on OA’s actions as a
neurotransmitter, neuromodulator, and neurohormone in that insect system (Figure 1.1).
-4

Orchard et al. (1993) admit there are many unanswered questions with this model and
that OA is probably not the only compound that influences flight behavior. Nevertheless,
this model illustrates the manner in which OA acts as a neurotransmitter,
neuromodulator, and neurohormone to influence a specific insect behavior.
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Wind-sensory information leads to the activation of the neuronal circuitry, motor
neurons, and muscles involved in flight (Figure 1.1). Simultaneously, DUM cells (dorsal
unpaired medial cells) release OA into the hemolymph in the vicinity of the flight
muscles and wing proprioreceptors.

OA acts as a neuromodulator to increase the

responsiveness of these proprioceptors and to enhance the power output and the
relaxation rate of the muscles.

OA also acts to induce bursting properties in flight

intemeurons.
The initial activation of the OA neurons releases OA, which stimulates the fat
body to release lipid. Concurrently, trehalose is being utilized to provide the energy for
flight. When the trehalose levels decrease substantially, OA neurons are activated by a
pathway not known. OA acts as a neurotransmitter by stimulating the glandular lobe of
the corpora cardiaca to release adipokinetic hormones 1 and II. This further increases the
levels of lipid in the hemolymph, which provides more energy needed to fuel muscle
activity. Thus, OA, acting as a neurotransmitter, neuromodulator, and neurohormone, is
a key player in initiating and sustaining flight in the locust. This is just one well-known
example of the manner in which aminergic compounds may act to influence behavior in
insects.
The present study was undertaken to determine a role, if any, for the biogenic
-4

amines in female insemination in P. regina.

Maybe sometime in the future, a model

could be developed like the one above for P. regina to describe the role of the biogenic
amines in the processes that lead up to and through female insemination in the blow fly.
Since much is already known about the reproductive physiology of this blow fly species
(see Introduction) a working model which takes into account the biogenic amines is

11

foreseeable in the near future. The purpose of the following chapters was to determine if
the biogenic amines have a role in female insemination. With this information known,
later studies can determine how the amines fit into the reproduction model of P. regina.
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CHAPTER II
AMPHETAMINE AFFECTS FEMALE INSEMINATION IN PHORMIA REGINA

Introduction
The effects of amphetamine (AMPH) on behavior and on catecholamine systems
in vertebrates have been well documented (Seiden et al., 1993).

Very little is known

about AMPH and its effects on diverse insect behaviors (Brookhart et al., 1987; Omar et
al., 1982; Long et al., 1986). Brookhart et al. (1987) find that AMPH depletes biogenic
amines in the CNS and alters adult feeding behavior in the blow fly, Phormia regina.
AMPH’s onset of action is very rapid, which makes it a useful drug in behavioral
experiments.
Since our laboratory investigates mating behavior of P. regina, I decided to
determine the effects of AMPH on female insemination in the blow fly. Brookhart et al.
(1987) find that after injection with 12 ug of

^-amphetamine sulfate, the levels of

octopamine, dopamine, and serotonin in the CNS of the blow fly follow relatively similar
depletion curves when viewed over time. They report that at 2.5 min post-injection, the
levels of all three amines begin to decrease significantly. By 6 min, they note the levels
have dropped considerably. By 30 min, the levels have reached the lowest (70-85%
depletion) and by 60 min the levels are still considerably low. Finally, by 180 min post¬
injection, the levels of DA and 5-HT have returned to approximately those prior to
injection. In the case of OA, the levels remain significantly lower at 180 min, but have
gradually risen from the levels at 60 min. Based on the depletion curves of these three
biogenic amines as reported by Brookhart et al. (1987), flies in this study were placed
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together for mating while the biogenic amine levels were rapidly decreasing (2 to 90 min
post-injection), at their lowest levels (10 to 60 min post-injection), and after having
returned to their normal levels except in the case of OA where the levels are still
significantly lower (180 to 270 min post-injection).

Since biogenic amines have been

shown to affect other insect behaviors, it was assumed that this depletion would also
affect insect behaviors in general. I tested the hypothesis that the depletion of biogenic
amines will correlate with a reduction in insemination.
Materials and Methods
Maintaining Flies
The rearing procedures followed those outlined by Stoffolano (1974). Flies were
reared under a 16:8 L:D photoperiod at 27 ± 2°C, 50% relative humidity. The flies used
in this study all emerged within an 8-h time period. Flies were anesthetized with C02,
placed on ice, and separated by sex.
Males were placed into a 23 x 23 x 23-cm cage and provided with a solution of
4.3% sucrose in a white, plastic cup measuring 8 cm high and 11.5 cm in diameter. The
males were provided with fresh beef liver daily from day 1 up through day 4 (day 0
begins at 0 h, day 1 at 24 h, etc.).

The liver was placed on a clear, plastic cup top

measuring 11.5 cm in diameter and mashed with a knife until it took on an almost liquid¬
like appearance.
On day 5, three males each were placed together into thirty plastic cups each
measuring 6.5 cm high and 9.5 cm in diameter. This was accomplished by reaching into
the cage, allowing three males to enter the cup and covering the container with the lid.
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Each container had a 1 x 1.5-cm door which was sealed shut by clear, cello tape. The
container was kept in an upside down position throughout the experiment.

A 4 x 4-cm

cup of 4.3% sucrose was placed below the 6.5 x 9.5-cm container and a small hole was
made in the center of the cup’s cover. A wick was pushed through the hole in the cover.
The upside down container was balanced on top of the cup of sucrose so that sugar
solution was provided to the males housed in the container. Males were kept in these
containers up to and through mating. Thirty containers were prepared for each trial.
Females were placed into a 23 x
sucrose until day 2.

23 x

23-cm cage

and provided with 4.3%

On day 2, the sucrose was taken away and the females “starved”

overnight for at least 12 h without any water or sucrose.

Yin et al. (1994) find that it

takes at least 12 h to empty 96% of the total crop volume of sugar when flies have been
utilizing 4.3% sucrose for approximately the first 60 h after emergence. Consequently,
females were fed macerated liver on day 3 for 90 min.
same manner as for males.
weighed.

The liver was prepared in the

Females were anesthetized with C02, placed on ice, and

Any female weighing less than 50 mg was eliminated from the experiment.

This weight requirement was to ensure that the female ingested an adequate liver meal to
activate receptivity and to standardize the female’s size, thus preventing any size effects
on receptivity (Qin, 1996).
Liver-fed females were placed back into the cage and provided with 4.3% sucrose
again. Fresh liver was provided at 24, 48, and 72 h after the initial liver feeding. Sucrose
was provided up to and through mating. At 80 h after the onset of liver-feeding, four
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females were placed into an ice cream container using the same technique as above. This
container was equipped with a 1 x 1.5-cm door.
Bioassay and Injection Procedure
Various methods for injecting females were tested prior to conducting the
experiment. Based on previous studies in our laboratory, normal levels of insemination
were usually in the range of

76 to 83% (Stoffolano et al., 1995).

I found that

immobilizing females with C02 and cold anesthesia reduced the levels of insemination by
slightly less than one-half that expected for the time periods that the experiment lasted
(Table 2.1).

Needle-penetration did not affect female insemination (Table 2.1).

In

addition, Akahane and Amakawa (1983) show that very few classically-conditioned
Phormia, when treated with nitrogen anesthesia immediately after training, show any
conditioned response.

A method of injection was developed which

allowed a high

percentage of insemination among injected females that was not significantly different
from non-injected females (Table 2.2). The method involved very little physical handling
of the female and no anesthesia, which often affects insemination.
A holding device measuring 10 x 1 x 1.5 cm was made from a paper box and
fitted with a piece of Styrofoam which served as a plunger. One end of the box was
fitted with a 7.5 x 7.5-cm piece of nylon cloth. A rubber band was used to tighten the
cloth around the box. The fly was collected by holding the box in the experimenter’s left
hand. The end of the box, fitted with the cloth, faced to the left and the open end of the
box faced to the right.

An incandescent lamp was placed approximately 15 cm away

from the end of the box fitted with the cloth.
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A 6.5 x 9.5-cm plastic cup holding the

female(s) was placed against the side of the open end of the box. At various times, the 1
x 1.5-cm door to the container was opened and one female was permitted to fly toward
the light (the end of the box fitted with the cloth). The

Styrofoam plunger was then

pushed into the open end, trapping the female in the box.
The plunger was pushed into the box far enough so as to prevent any movement
on the part of the fly. Injections took place using a 250-wl or a 500-wl tuberculin syringe
fitted with a 30-gauge needle and driven by a microapplicator (Brookhart et al., 1987).
The instrument was calibrated to deliver 1 u\ of 150 mM NaCl using a 2-zd capillary
pipette.
The AMPH-treated females were individually injected with 6 ug, 12 ug, 18 ug, 24
ug, or 36 ug of ^-amphetamine sulfate (Sigma Chemical, St. Louis, MO, U.S.A.)
dissolved in 1 u\ of 150 mM NaCl. Sham-control females were injected with 1 u\ of 150
mM NaCl. The 15 sham-control females were injected first followed by the 15 AMPHtreated females. Injections occurred at 152-154 h after emergence.
Mating Trials
A single trial of the experiment involved 30 females (15 sham-control and 15
AMPH-treated). Three trials were run for each group. The groups were as follows:
Group 1: 3 males and 1 female placed together for 88 min from 2 to 90 min post¬
injection.
Group 2: 3 males and 1 female placed together for 50 min from 10 to 60 min post¬
injection.
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Group 3: 3 males and 1 female placed together for 90 min from 180 to 270 min
post-injection.
Each trial was run on a separate day with a separate set of flies.
At either 2 or 10 min after injection, the plunger was taken out of the syringe box
and the female was permitted to fly into the container which contained the three males.
Because of the time lag involved between each injection and the actual mating period for
the females in group 3, there was a minor alteration in the procedure. The female was
permitted to fly into an empty container after being injected and 180 min later, a
cardboard tunnel with no ends was used to connect the container housing the female and
the container housing the three males, permitting the female to fly into the container of
males.
After the female and the three males were placed together, the container was
placed into a photochamber at 28°C with constant light. The next female was injected
and the same procedure followed until all 30 females were injected.

After the

experiment, containers were taken out of the chamber and placed into the freezer. The
spermathecae of the females were removed the next day. The spermathecae were placed
on a slide, a drop of Phormia saline (Chen and Friedmann, 1975) was added, and they
were crushed by applying pressure to the cover glass. A phase-contrast microscope was
used to observe the spermathecae at a magnification of 400X. The presence or absence of
sperm was noted.
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Results
The percentage of AMPH-injected females inseminated between 2 and 90 min
post-injection was greatest at 6 ug (75.5%), decreased significantly at 12 ug (46.7%), and
tended to level off at 18 and 24 ug (46.7 % to 51.1%) before again decreasing
significantly at 36 ug (22.2%) (Figure 2.1). The percentage of inhibition increased from
5.6% at 6 ug to 71.4% at 36 ug.
Immediately following injection with 12 ug of AMPH, the female displayed
excitement characterized by overall locomotory uncoordination which lasted for 5-10
seconds. For the next 5 to 10 min, the female’s movements were limited and lasted for
shorter durations than that of the controls. After 10 min, the female’s movements seemed
nearly normal.
The behavior of individuals injected with 18 ug or 24 ug of AMPH was similar to
that of females injected with 12 ug.
controls.

Females injected with 6 ug

behaved like the

A dose of 36 ug was determined to be too high of a dose since females

characteristically remained on their backs for the first 45-60 min post-injection, during
which time they displayed little or no movement.
Injection with 12 ug of AMPH inhibited insemination by 43.3% during the 2 to
90 min interval and by 70.0% during the 10 to 60 min interval (Table 2.3). From 180 to
270 min post-injection, inhibition was negligible. Both inseminated and non-inseminated
females contained stage 10 ovaries. The percentage of the sham-controls that were
inseminated during the period of 10 to 60 min post-injection was remarkably lower
(44.4%) when compared with the insemination percentages during the 2 to 90 min and
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180-270 min periods post-injection (82.2 to 84.4%).

Further experiments showed that

this lower percentage was due to the shorter length of time the flies were together (50 min
as opposed to 88 min) (Evans, unpublished results).
Discussion
AMPH affects neurotransmitters in both vertebrates and invertebrates.

AMPH

can increase the concentration of dopamine (DA) at receptor sites by facilitating the
release and/or blocking the uptake of the transmitter (Besson et al., 1969; Nielsen et al.,
1983) and by increasing the rate of turnover of DA (Moore, 1977). Moore and Lariviere
(1963) find norepinephrine (NE) levels reduced after AMPH administration in rats.
AMPH has no direct effect on 5-HT neurons although it has been found that disruption of
the 5-HT system in the presence of AMPH tends to exert a greater effect on behavior
(Moore, 1977).

Seiden et al. (1993) provide a comprehensive review of the effect of

AMPH on catecholamine systems in vertebrates.

It is known that AMPH acts as a

biogenic amine depleter in the CNS of P. regina (Brookhart et al., 1987).
These results demonstrate that AMPH has a short-term effect on female
insemination in the blow fly, P. regina (Table 2.3). This is the first study to demonstrate
the effect of AMPH on female insemination in insects. Results also support our original
hypothesis that low levels of biogenic amines in the CNS correlate with low levels of
insemination. This is not the first study to show that a biogenic amine depleter affects
insemination in insects since reserpine, another known biogenic amine depleter
(Brookhart et al., .1987), inhibits female insemination in the Mediterranean fruit fly,
Ceratitis capitata (Cohen, 1983).
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AMPH

and

reserpine

are

biogenic

amine

depleters

which

decrease

the

responsiveness of adult P. regina to sucrose (Long et al., 1986). Brookhart et al. (1987)
believe that AMPH and reserpine target cells in the CNS and that these cells are involved
in feeding behavior. The decrease in responsiveness is believed to be due to the depletion
of one or more of the biogenic amines in the CNS.
Although the physiological and behavioral effects of AMPH on insects are not
well understood, reserpine has been found to negatively affect ovarian maturation
(Benschoter, 1966; Hays and Amerson, 1967; Cohen, 1983), ovulation (SamaranayakaRamasamy and Denlinger, 1985), insemination (Cohen, 1983), molting (Glowacka and
Dutkowski, 1979) and corpus allatum (CA) activity (Gadot et al., 1987) in insects.
Juvenile hormone III (JH III) synthesis, which is responsible for initiating vitellogenesis
and oogenesis in the locust, is decreased in reserpine-treated locusts (Gadot et al., 1987).
Although AMPH and reserpine are structurally dissimilar and their onsets of action as
depleters of biogenic amines are different from one another, both may have similar
effects on certain behavioral and physiological processes. More specific amine-depleting
drugs such as a-methyl tryptophan and ot-methyl tyrosine have been used to determine
the effects of 5-HT and DA depletion on blood-feeding and host-seeking ability in Aedes
triseriatus (Novak and Rowley, 1994).
In the present study, decrease in insemination may be the result of depletion of
amines

on the

Hollingworth

peripheral nervous

and

Murdock

peripherally in other insects.

(1980)

system (PNS) because
find that AMPH

Smalley

depletes

(1965)

biogenic

and

amines

There is also the possibility that the effect of AMPH on
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insemination may be due to the activation of post-synaptic receptors caused by
neurotransmitter release and not the depletion of amines. Michanek and Meyerson (1977,
1982) have found that AMPH has an inhibitory effect on copulatory behavior in
ovariectomized rats treated with progesterone and estrogen. This effect is believed to be
due to the excessive activation of DA receptors.
Future studies are needed to determine whether or not AMPH is acting
peripherally (i.e., nerves innervating the ovipositor muscle). One approach would be to
determine the effect of AMPH on the copulatory behavior of male blow flies.

If the

number of male copulatory attempts is reduced after injection with AMPH, then there is
the possibility that AMPH acts on the CNS to inhibit female insemination in the female
blow fly. Prior to this experiment, the effect of AMPH on male insemination must first
be determined because there remains the possibility that AMPH may not inhibit male
insemination. By administering a specific biogenic amine receptor antagonist to the blow
flies, followed by AMPH, one may be able to determine whether or not activation of
post-synaptic receptors is involved in the reductions in female insemination. Finally, the
CA (JH) has been found to play a dominant role in female insemination in P. regina (Qin,
1996). It would be appropriate to determine the effect of AMPH on JH synthesis/release.
The three approaches mentioned ab„ove would further characterize the effects of the
biogenic amines and AMPH on insemination in female P. regina.

This was the first

study undertaken which emphasized a possible role for the biogenic amines in
insemination in insects.
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Table 2.1 The percentage of female Phormia regina inseminated after being
anesthetized with C02 or a chill table. 1’2,5,6,7

% Insemination
Type of anesthesia
CO?
Chill table4

Needle-penetrated
X
46.7
30.0

Non-penetrated
X
43.3
26.7

1 Females were 152-154 h of age (80-82 h after onset of liver-feeding).
2

3

One female was placed with three males for a period of 90 min.
After about a 5 s dose of C02, females were placed on ice for 2 min prior to injection.

4 A cup containing the female was placed upside down on the table and the top removed,
thus permitting contact with the chill table (0°F) (Industrial Inventions,
Monmouth Junction, NY). After the female made contact with the table, she
remained there for about 10 s prior to injection.
5 Flies Were hand-held for injection.
6 Three replicates of 10 females/replicate were performed.
H

The insemination percentages of the needle-penetrated and non-penetrated females are
not significantly different within each of the treatment categories (chi-square test).
This comparison was made to ensure that needle-penetration would not affect
female insemination.
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Table 2.2 The effect of needle penetration and injection of 1 u\ of 150 mM NaCl on
female insemination in Phormia regina using a novel injection procedure which does not
12 3
employ any anesthesia. ’ ’

Type of injection

% Insemination
Treated females4
Sham-control females
X
X

Needle-penetrated
Saline-injected

70.0
76.7C

83.3a
70.0b

1 Females were 152-154 h of age (80-82 h after onset of liver-feeding).
2

One female was placed with three males for a period of 90 min.

3 Three replicates of 10 females/replicate were performed.
4 The insemination percentages of the treated and sham-control females are not
significantly different within each of the injection categories (chi-square test).
a Females were touched with the needle only.
b Females were penetrated with the needle.
c Females were injected with 1 u\ of 150 mM NaCl.
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Table 2.3 The effect of af-amphetamine sulfate (AMPH) on female insemination in
Phormia regina at three different time intervals post-injection.1,3

Group
la
2a
3

Time interval
together
(min)2

% Insemination
5
Sham-controls4
AMPH-treated
X
X

2 to 90
10 to 60
180 to 270

82.2
44.4
84.4

46.7
13.3
80.0

% Inhibition
43.3
70.0
5.3

1 Females were 152-154 h of age (80-82 h after onset of liver-feeding).
2

The interval during which the female was placed with three males after injection.

3 Three replicates of 15 females/replicate were performed.
4 Injected with 1 u\ of 150 mM NaCl.
5 Injected with a dose of 12 ug of AMPH in 1 u\ of 150 mM NaCl.
a The insemination percentages of AMPH-injected females are significantly different
from the controls (chi-square test; p < 0.001).
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Figure 2.1 The effect of various doses of amphetamine (AMPH) on female insemination
in Phormia regina. Females were 152-154 h of age (80-82 h after onset of liver-feeding)
at the time of injection. One injected female was placed with three normal males from 2
to 90 min post-injection. Three replicates of 15 females/replicate were performed for
each dose. The mean percentages are noted. AMPH was administered in 1 u\ of 150 mM
NaCl. The insemination percentages of AMPH-injected females that are significantly
different from the saline-injected females are indicated by * (p < 0.001) and ** (p < .025)
(chi-square tests).
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CHAPTER III
THE EFFECTS OF OCTOPAMINE, DOPAMINE, AND SEROTONIN ON
FEMALE INSEMINATION IN PHORMIA REGINA
Introduction
The biogenic amines have been shown to affect processes related to mating in
insects.

Octopamine (OA) enhances pheromone production in female Heliothis moths

(Christensen et al., 1991).

In males, OA is involved in the antennal hair erection in

Anopheles stevensi (Nijhout, 1977) and enhances the sensitivity of

Lepidoptera to

pheromones (Linn and Roelofs, 1986; Linn et al, 1992; Roelofs, 1995).

OA has also

been shown to decrease the mating interval (the time period between spermatophore
protrusion and courtship stridulation) in the cricket, Gryllus bimaculatus, while 5-HT has
the opposite effect (Nagao et al, 1991). The effects of OA, 5-HT, and dopamine (DA) on
female insemination in insects have not been studied.
In the blow fly, Phormia regina, a protein meal is required for female
insemination.

Thus, a female which feeds on a diet of sucrose is unlikely to be

inseminated (Stoffolano, 1974). Since processes related to mating have been shown to be
influenced by biogenic amines, the present study will determine the effects of OA, 5-HT,
and DA (dopamine) on female insemination in sugar-fed P. regina.

The OA agonists,

clonidine and naphazoline (Evans, 1981), will also be administered. Since OA has been
shown to be involved in processes related to mating in insects, the hypothesis to be tested
is that OA plays a role in female insemination in this blow fly.
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Materials and Methods
Maintaining Flies
The rearing procedures followed that outlined by Stoffolano (1974).

The

maintenance of the flies followed the procedure discussed in Chapter 2 with three
significant changes in the protocol: 1) The females were provided with 4.3% sucrose
from emergence up to and through contact with the three males; 2) The females were not
“starved” or provided with a liver meal at any time during the experiment; 3) Dead
females were removed from the cage daily and a paper towel, used to cover the bottom of
the cage, was changed daily. These two measures were taken to prevent any fly from
possibly obtaining protein from either dead flies or feces.

Bioassay and Injection Procedure
The injection procedure followed that outlined in Chapter 2. Drugs were dissolved
in 1 u\ of 145 mM NaCl unless specified otherwise. Controls received 1 u\ of 145 mM
NaCl.

Octopamine hydrochloride,

hydrochloride,

dopamine hydrochloride,

clonidine hydrochloride,

5-hydroxytryptamine

yohimbine hydrochloride,

metoclopramide

monohydrochloride, and naphazoline hydrochloride were obtained from Sigma Chemical
Co. (St. Louis, MO, U.S.A.).

Mating Trials
Mating trials and dissections were conducted as previously described in Chapter
2. The only alteration was that the one female and the three males remained together for
a period of 15 h.
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Results
Dosages of OA (75 ug) and DA (50 ug) produced insemination percentages
(56.0% and 22.2%, respectively) which were both significantly different from the
controls (3.3% insemination accompanying both amine tests) (Table 3.1). After injection
with either OA or DA, flies seldom walked or displayed any movement for at least 40
min post-injection.

Higher doses of these drugs (125 ug to 200 ug) resulted in higher

mortality. The percentage of females inseminated after treatment with 50 ug of 5-HT
was not significantly different from the controls (12% as opposed to 3.3%) (Table 3.1).
Lower doses (30 ug) of OA, DA, and 5-HT had no effect on female insemination when
compared to the controls (Table 3.1).
Clonidine (20 ug) and naphazoline (15 ug) produced insemination percentages
that were significantly different from the controls by 15 h post-injection (46.4% versus
6.7% for the clonidine-treated flies and 24.5% versus 0.0% for the naphazoline-treated
flies) (Table 3.1).

Time-response curves demonstrated that clonidine did not have a

statistically significant effect on insemination until some time between 4 and 8 h after
injection (Figure 3.1). Naphazoline, however, exerted its effects on this behavior later
(i.e., between 8 and 15 h post-injection) (Figure 3.2). Flies displayed excitatory behavior
just-seconds after injection with both naphazoline and clonidine.

For the next 10 min

post-injection with clonidine, flies displayed little movement. By 15 min post-injection,
flies appeared nearly normal. Naphazoline-treated flies appeared nearly normal within 5
min post-injection.
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Naphazoline (5 ug) and clonidine (20 ug), when administered simultaneously, had
little enhancing effect (51.9 % insemination in treated females and 3.3% in the saline
controls) when compared to clonidine by itself (46.4 % in treated females and 6.7% in the
saline controls) (Table 3.1).
Since clonidine and naphazoline had statistically significant effects on female
insemination, the OA antagonists, metoclopramide and yohimbine (Evans, 1981), were
administered to determine whether or not these drugs were able to inhibit the
insemination-enhancing effects of clonidine and/or naphazoline. Yohimbine (10 ug),
might slightly inhibit the insemination-enhancing effects of clonidine (20 ug) (39.1%
insemination with clonidine/yohimbine and 48.1% insemination for clonidine alone)
when administered simultaneously in 2 ul of 145 mM NaCl, but this inhibition was not
statistically significant (Table 3.2).

Mortality among the clonidine/yohimbine-injected

females was quite high (greater than 20%). Metoclopramide (5 ug) did not have a
significant effect

on

clonidine-enhanced

insemination (50.0%

insemination with

clonidine/ metoclopramide and 40% insemination with clonidine alone). A 5 ug dose of
metoclopramide was used since a dose of 10 ug in combination with clonidine produced
greater than 50% mortality (data not shown). In addition, metoclopramide (10 ug) failed
to

suppress the

insemination

insemination-enhancing effects of naphazoline

with

metoclopramide/naphazoline

naphazoline).
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and

20.7%

(15

ug)

(17.2%

insemination

with

Discussion
I demonstrated for the first time a possible role for the biogenic amines in female
insemination in insects.

The effects of

OA and the OA agonists, naphazoline and

clonidine, on insemination agree with the hypothesis I proposed earlier that OA may play
a role in female insemination in insects. OA’s ability to enhance female insemination is a
new addition to the list of mating-related processes that may be affected by OA. DA also
enhanced female insemination, but to a lesser degree than the octopaminergic
compounds. 5-HT did not affect female insemination.
OA and DA only enhanced female insemination at higher doses. Lane and Swales
(1978) determined the existence of a blood-brain barrier in the CNS in a closely related
species, Calliphora vicina.

The blood-brain barrier is unlikely to be penetrated by

positively charged species (such as the biogenic amines) (Eldefrawi et al, 1968;
Hirashima et al, 1994; Milde et al, 1995). Also the enzyme, N-acetyltransferase, is able
to rapidly metabolize biogenic amines (Downer and Hiripi, 1994).

Hence, if OA is

affecting female insemination by acting on the CNS, then it seems likely that it would
only be able to affect this process at the higher doses that were used in this experiment.
At least with higher doses of OA, the chances of any one molecule of OA penetrating the
blood-brain barrier will most likely increase.
The OA antagonists, metoclopramide and yohimbine, failed to block the
insemination-enhancing effects of clonidine and/or naphazoline which might suggest that
clonidine and naphazoline do not act on OA receptors. These results are circumstantial
since it has been established that yohimbine also has an affinity for 5-HT receptors in
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insects, such as Drosophila (Sadou et al, 1992; Dudai and Zvi, 1984; Roeder, 1994). In
addition, metoclopramide acts as an antagonist of DA-induced salivary gland secretion in
the cockroach (Evans and Green, 1990). In the future, injecting the antagonist prior to
injecting the agonist may produce quite different results since the present results represent
the effects of drugs that were administered simultaneously.

Taken together, the non¬

specific effects of the antagonists and the method of administration of the agonist and
antagonist are two reasons why the agonist/antagonist studies may have failed to reveal
the effect, if any, of the antagonist.
The CA (JH) has been shown to play a dominant role in female insemination in
protein-fed, adult P. regina (Qin, 1996). Results from previous studies on the interaction
between the biogenic amines and the CA (Pastor et al., 1991; Woodring and Hoffmann,
1994; Rachinsky, 1994; Kaatz et al., 1994; Lafon-Cazal and Baehr, 1988; Thompson et
al., 1990) allow us to raise several interesting questions.

Are OA, DA, clonidine, and

naphazoline acting on the corpus allatum (CA) to enhance female insemination in sugarfed females? Do these compounds have the potential to activate JH receptors? Do these
drugs exert their effects through aminergic receptors or are their actions non-specific? Do
they act on central and/or peripheral targets? The next two chapters will use clonidine as
a means of answering the first question that has been posed here.
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Table 3.1 The effect of the biogenic amines and specific agonists on female insemination
in sugar-fed Phormia regina.1,2,3

Drug

Dose

Octopamine

30 ug
75 ug
30 ug
50 ug
30 ug
50 ug
20 ug
15 ug

Dopamine
Serotonin
Clonidine
Naphazoline
Naphazoline

% Insemination
Saline-injected1 2 3 4 Drug-injected
X
X

% Mortality

3.3
6.7
3.3
3.3
6.7
3.3
6.7
0.0

3.3
56.0a
6.7
22.2b
6.7
12.0
46.4a
24.5a

0.0
16.7
0.0
10.0
0.0
16.7
6.7
2.0

3.3

51.9a

10.0

(5 ug)

4-

Clonidine

(20 ug)

1 Females were 152-154 h of age at the time of injection.
2

3

One female was placed with three males for 15 h under constant light.
Three replicates of 10 females/replicate were performed in every case with the exception
of naphazoline in which 5 replicates were performed.

4 Injected with 1 u\ of 145 mM NaCl only.
a Significantly different from the controls (chi-square tests; p < 0.001).
b Significantly different from the controls (chi-square test; p < 0.05).
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Table 3.2 The effects of antagonists on the insemination-enhancing effects of the
agonists, naphazoline and clonidine, in sugar-fed, female Phormia regina. 1’2,3,4,6

% Insemination
Dose of agonist +
antagonist pair
naphazoline (15 ug) +
metoclopramide (20 ug)
clonidine (20ug) +
yohimbine (10 ug)
clonidine (20 ug) +
metoclopramide (5 ug)

Saline
X

% Mortality5

Agonist
X % Mortality

Agonist
+ Antagonist
X % Mortality

0.0 A

0.0

20.7 B

3.3

17.2 B

3.3

13.3 A

0.0

48.1 B

10.0

39.1 B

23.3

6.7 A

0.0

40.0 B

0.0

50.0 B

13.3

! Females represented 152-154 h of age at the time of injection.
2

One female was placed with three males for 15 h under constant light.

3

One trial consisted of 10 saline, 10 agonist-treated, and 10 agonist + antagonist-treated
females. Three trials were run.
4 The agonist and antagonist were administered simultaneously.
5 Percent mortality is the percentage of females that died during the experiment.
6 Percentages not followed by the same letter within rows indicate significantly different
insemination percentages (chi-square tests; p < 0.02).
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Figure 3.1

The mean percentages of female Phormia regina inseminated at various
times following injection with clonidine (20 ug). Females were sugar-fed and were 152154 h of age. One female was placed with three males for a period of 15 h. Each point
represents 3 trials (10 females/trial). Clonidine was administered in 1 u\ of 145 mM
NaCl. Insemination percentages of clonidine-injected females significantly different (chisquare tests; p < 0.001) from the saline-injected females are indicated by an asterisk*.
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Figure 3.2 The mean percentages of female Phormia regina inseminated at various time
periods following injection with naphazoline (15 ug). Females were sugar-fed and 152154 h of age. One female was placed with three males for a period of 15 h. Each point
represents 3 trials (10 females/trial). Naphazoline was administered in 1 u\ of 145 mM
NaCl. Insemination percentages of naphazoline-injected females significantly different
(chi-square tests; p < 0.001) from the saline-injected females are indicated by an
asterisk*.
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CHAPTER IV
THE EFFECT OF CLONIDINE ON FEMALE INSEMINATION IN
PRECOCENE-ADMINISTERED PHORMIA REGINA
Introduction
Precocenes were first identified and isolated from the bedding plant, Ageratum
houstonianum, and were subsequently found to induce precocious metamorphosis in
immature

milkweed bugs and sterilization in the adult (Bowers et al., 1976).

These

effects were due to the reversible inhibition of corpus allatum (CA) development brought
on by precocene (Bowers and Martinez-Pardo, 1977). This marked the first discovery of
an anti-allatal agent (Bowers et al., 1976).

Subsequently, precocenes have been useful

compounds in determining the roles of the CA in physiological and behavioral processes
of different holometabolous and hemimetabolous insect species (Staal, 1986).
Precocenes have a number of different effects in Diptera. Precocenes temporarily
depress mating in Musca domestica (Blomquist et al., 1992), affect vitellogenesis in
Drosophila melanogaster (Wilson et al., 1983; Landers and Happ, 1980) and Musca
autumnalis (Burks et al., 1992) , act as a non-specific anti-gonadotropic agent in female
Aedes aegypti (Kelly and Fuchs, 1978), reduce adult sex-attractancy in Ceratitis capitata
(Chang et al., 1984; Hsu and Chang, 1982), induce sterility in the offspring of precocenetreated adults of the tsetse fly, Glossina morsitans morsitans (Samaranayaka-Ramasamy
and Chaudhury, 1981, 1982), and inhibit oocyte development in P. regina (Yin et al.,
1989) and M. domestica (Blomquist et al., 1992).
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Clonidine enhances female insemination in sugar-fed (non-mating) P. regina
(Chapter 3). Since the CA plays a dominant role in female insemination in protein-fed,
adult P. regina (Qin, 1996), it was hypothesized that the CA may have a similar role in
enhancing female insemination in clonidine-treated, sugar-fed females. It is conceivable
that, in sugar-fed females, clonidine may directly or indirectly act on the CA to increase
the synthesis and release of juvenile hormone (JH) in sugar-fed females, which would
then enhance female insemination. Hence, an application of an anti-allatal agent, such as
precocene, to eliminate JH biosynthesis before the injection of clonidine into sugar-fed
flies should lower the percentages of insemination in treated females. The present study
will utilize precocene to inhibit JH synthesis in order to test the hypothesis that clonidine
acts via the CA to enhance female insemination in sugar-fed flies. If this hypothesis is
correct, percentages of insemination among the precocene + clonidine-treated females
should be significantly less than that of the acetone + clonidine-treated females.
Prior to testing the above hypothesis, initial experiments were performed to
determine if methoprene, a juvenile hormone analogue, is able to enhance female
insemination in sugar-fed females.

Other experiments were conducted on female

insemination in protein-fed flies (flies which do mate) in order to determine the number
of applications of precocene needed to decrease female insemination in the age class
being studied.
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Materials and Methods
Maintaining Sugar-Fed Flies
The rearing procedures followed that outlined by Stoffolano (1974).

The

maintenance of the flies followed the procedure discussed in Chapter 3.

Methoprene Treatment
The synthetic JH analogue, s-methoprene (90% pure, a gift from Zoecon Corp.)
was dissolved in acetone to a concentration of 5 ug/uX.

To determine the effect of

methoprene on female insemination, three different treatment groups were set up as
follows:
Acetone (control): 2 uX topically applied at 4 h and again at 75 h post-emergence.
Methoprene: 1 uX (5 ug/uX) topically applied at 4 h and again at 75 h of age.
Methoprene: 2 u\ (5 ugluX) topically applied at 4 h and again at 75 h of age.
Prior to each methoprene application, flies were anesthetized with C02 and placed on ice.
Methoprene was topically applied to the ventral thorax (Qin, 1996). At 152-154 h post¬
emergence, each female was placed with 3 males for a period of 15 h (Chapter 3) and the
presence or absence of sperm was noted afterwards (Chapter 3).

Effect of Precocene on Egg Development in Protein-Fed Females
Within 4 h of emergence,

flies were anesthetized with C02 and placed on ice

(Yin et al., 1989). One microliter of precocene II (20 ug/uX) (Sigma Chemical Co., St.
Louis, MO, U.S.A.) was topically applied to the ventral thorax. Controls received 1 u\ of
acetone only. Prior to administration, precocene solution was removed from the freezer
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and warmed to room temperature since the drug formed a precipitate at -20°C (Yin et al.,
1989).
Liver-feeding and the provision of 4.3% sucrose followed the procedure outlined
in Chapter 2. Ovaries were dissected in Phormia saline (Chen and Friedman, 1975) at
either 48 h or 72 h after females ingested their first liver meal and the presence or absence
of fully mature eggs was recorded.
Effect of Precocene on Female Insemination in Protein-Fed Flies
For the insemination experiments, females were given either 2 doses ( 20 ug at 4
and

75 h) or 3 doses (20 ug at 4, 75, and 128 h) of precocene.

Precocene was

administered in 1 u\ of acetone. Controls received 1 u\ of acetone only. One female was
placed with 3 males for a period of 15 h beginning at 152-154 h post-emergence (Chapter
3). The presence or absence of sperm was noted (Chapter 2) and the presence or absence
of fully mature eggs was recorded.
Effect of Precocene on Clonidine-Enhanced Female Insemination in Sugar-Fed Flies
Sugar-fed females were topically applied with either 2 doses (20 ug at 4 and 75
h) or 3 doses (20 ug at 4, 75, and 128 h) of precocene. Beginning at 152-154 h post¬
emergence, saline (1 u\ of 145 mM NaCl) and clonidine (20 ug in 1 uX) were given to the
precocene- and acetone-treated females.

The groups were as follows: a) saline and

acetone; b) saline and precocene; c) clonidine and acetone; d) clonidine and precocene.
One female was placed with 3 males for a period of 15 h beginning at 152-154 h
post-emergence (Chapter 3) and the spermathecae were removed to determine the
presence or absence of sperm (Chapter 2).
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Results
Effect of Methoprene on Insemination in Sugar-Fed Females
The JH analogue methoprene significantly enhanced female insemination in
sugar-fed flies at doses of either 10 wg (2x5 ug) or 20 wg (2 x 10 wg) (82% and 78.9%
insemination respectively) while none of the acetone controls were inseminated (Table
4.1). Less than 3% of the flies that were administered 20 ug of methoprene died during
the mating period. There was no mortality during the mating period among the females
treated with 10 wg of methoprene.
Effect of Precocene on Egg Development
Precocene administered within 4 h of emergence significantly inhibited the
development of mature eggs at 48 h (120 h of age ) and 72 h (144 h of age) after a liver
meal when compared to the controls (Table 4.2). At both times, all of the control females
had developed mature eggs while only 34.6% of the precocene-treated females contained
mature eggs at 48 h after the onset of liver-feeding and 62.1% had mature eggs at 72 h
after the onset of liver-feeding. The mortality among the precocene-treated females by
48 h and 72 h post-liver-feeding was 13.3% and 15.4% respectively.
Effect of Precocene on Female Insemination in Protein-Fed Flies
The percentage of precocene-treated females inseminated after the administration
of 2 doses of precocene (20 wg/dose) was significantly lower than the acetone controls
(10.9% versus 83.9%) (Table 4.3).

The percentage of precocene-treated females

containing mature eggs was also significantly lower (chi-square test; p < 0.001) than the
controls (21.7% versus 100%). Mortality during the 15 h mating period was 17.9%.
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A small percentage of precocene-treated females was inseminated after the
administration of three doses of precocene (20 wg/dose) and this was significantly lower
(chi-square test; p < 0.001) than the acetone-administered controls (9.3% versus 91.1%)
(Table 4.3).

The percentage of precocene-treated females containing mature eggs was

significantly lower (chi-square test; p < 0.001) compared to the acetone controls (22.2%
versus 100%).
Effect of Precocene on the Insemination Induced by Clonidine in Sugar-Fed
Females
As expected, significantly more of the clonidine + acetone treated females were
inseminated in group 1 (2 doses of acetone) than saline + acetone treated females (39.0%
versus 2.3%) (Table 4.4). Significantly less of the saline + precocene females of group 1
(2 doses of precocene) were inseminated than the clonidine + precocene-treated females
(5.3% versus 51.4%).

Precocene did not block the insemination-enhancing effects of

clonidine since 39.0% and 51.4% were found not to be significantly different.
When

three doses of precocene were administered (Group 2), similar data

emerged. Clonidine + acetone-treated females and clonidine + precocene-treated females
had higher percentages of insemination than the saline + acetone and the saline +
precocene-treated females (32.5% and 35.7% versus 0.0 % and 2.2% respectively) (Table
4.4).

Once again, precocene did not block the insemination-enhancing effects of

clonidine.
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Discussion
The present study demonstrated that the JHA, methoprene, when administered to
sugar-fed females, was able to enhance female insemination.

Although JH plays a

dominant role in female insemination in protein-fed flies (Qin, 1996), this was the first
time that exogenous administration of
insemination in sugar-fed P. regina.

JHA has been shown to enhance female

Methoprene has been shown to enhance female

insemination in non-protein fed Lucilia cuprina (Barton-Browne et al, 1976).
Precocene is an inhibitor of JH III synthesis/release in protein-fed P. regina (Yin
et al, 1989). The present study finds that 2 or 3 doses of precocene (20 wg/dose), when
administered within 4 h and again at 75 h post-emergence, are able to cause significant
reductions in

female insemination percentages in P. regina 6 to 7 days old.

This is

presumably due to its effects on the CA (and hence on JH synthesis). Blomquist et al.
(1992) also find that one dose of precocene (250 wg/dose) is able to reduce female
insemination percentages in female house flies up to 6 days old when administered within
4 h of emergence.
JHA has the ability to enhance female insemination in sugar-fed P. regina and
precocene is able to cause reductions in female insemination percentages in protein-fed
females (flies which normally do mate) presumably through its inhibitory actions on JH
synthesis/release. Results showed that even after the administration of precocene (2 or 3
doses) to sugar-fed females, clonidine still had significant effects on female insemination.
These results disagree with the original hypothesis that clonidine enhances female
insemination by acting through the CA.

Nevertheless, the results are quite significant
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since they reveal a potential mode of action for clonidine somewhere downstream from
the CA. In other words, clonidine could be acting directly or indirectly on the regulatory
mechanism involved in female insemination rather than acting on enhancing JH
biosynthesis/release.
The next chapter will discuss attempts to confirm these results by determining
clonidine5 s

effects

on

allatectomized

synthesis/release post-injection

sugar-fed

females

and

its

effects

on

JH

If the present interpretation still stands after these

experiments, this may be the very first study to show that a particular compound is able to
enhance female insemination without the involvement of the CA (JH).
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Table 4.1 The effect of methoprene (JHA) on female insemination in sugar-fed
Phormia regina4

Treatment
Acetone
Methoprene (2x5 ug)
Methoprene (2x10 ug)3

#/N5
0/39
32/39
30/38

% Insemination
X7

% Mortality6

0.0 A
82.0 B
78.9 B

0.0
0.0
2.6

1 Controls received 1 u\ of acetone at 4 h and again at 75 h post-emergence.
2

3

Flies received 5 ug of methoprene at 4 h post-emergence and again at 75 h.
Flies received 10 ug of methoprene at 4 h post-emergence and again at 75 h.

4 One female was placed with three males at 152-154 h post-emergence for a period of
15 h.
5 The number of females inseminated over the total number of females through three
trials.
6 The mortality observed prior to placing the female and males together.
7

Percentages not followed by the same letter indicate significantly different insemination
percentages (chi-square tests; p < 0.001).
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Table 4.2 The effect of 20 ug of precocene on egg maturity in female Phormia regina
48 and 72 h after their first liver meal.3,6

% Mature eggs
Treatment

y--

Control
Precocene1
Control2
Precocene1

Age5
48
48
72
72

tf/N4

h
h
h
h

60/60
18/52
78/78
41/66

X
100.0
34.6
100.0
62.1

% Mortality
A
B
A
B

0.0
13.3
0.0
15.4

1 Precocene was administered once within 4 h after emergence in 1 u\ of acetone.
2

Controls received 1 u\ of acetone.
3

_

Females were provided their first liver meal at 72 h post-emergence.

4 The number of females with mature eggs over the total number of females through
three trials.
5 Represents time after first liver meal that the eggs were checked.
6 Percentages of females with mature eggs that are statistically significant (chi-square
tests; p < 0.001) are followed by a different letter.
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Table 4.3 The effect of 20 ug of precocene on egg development and female
insemination in protein-fed Phormia regina.5,6,s

Treatment

% Mature eggs
X

2 doses
Control2
Precocene1

100.0 A
21.7 B

47/56
5/46

83.9 A
10.9 B

0.0
17.9

3 doses
Control4
Precocene

100.0 A
22.2 B

53/59
5/54

91.1 A
9.3 B

0.0
6.8

#/N7

% Insemination
X

% Mortality

1 Precocene was administered within 4 h of emergence and again at 75 h in 1 u\ of
acetone.
2

3

Controls received 1 u\ of acetone within 4 h of emergence and again at 75 h.
Precocene was administered within 4 h of emergence, 75 h, and 128 h in 1 u\ acetone.

4 Controls received 1 u\ of acetone within 4 h of emergence, 75 h, and 128 h.
5 Females were provided their first liver meal at 72 h post-emergence.
6 One female was placed with 3 males for a period of 15 h beginning at 152-154 h post¬
emergence. Egg development was determined at 167-169 h post-emergence.
7

8

The number of females inseminated over the total number of females through three
trials.
The mean insemination percentages and mature egg percentages that are statistically
significant (chi-square tests; p < 0.001) for each group are followed by different
letters.

Table 4.4 The effect of precocene on female insemination enhanced by clonidine in
sugar-fed Phormia regina. ’
O Q

~

% Insemination
Treatment

#/N8

X

Group 1 (2x precocene)
Saline + Acetone^
Clonidine5 + Acetone2
Saline6 + Precocene1
Clonidine5 + Precocene1

1/44
16/41
2/38
18/35

2.3
39.0
5.3
51.4

A,C
B,D
A,C
B,D

2.2
8.9
2.6
10.3

Group 2 (3x precocene)
Saline + Acetone
Clonidine5 + Acetone4
Saline6 + Precocene3
Clonidine + Precocene

0/43
13/40
1/45
15/42

0.0
32.5
2.2
35.7

A,C
B,D
A,C
B,D

0.0
7.0
0.0
6.7

% Mortality

1 Precocene (20 ug) was topically applied within 4 h after emergence and again at 75 h in
1 u\ acetone.
2

Acetone (1 u\) was topically applied within 4 h after emergence and again at 75 h.
3

Precocene (20 ug) was topically applied within 4 h of emergence, 75 h, and 128 h in 1 u\
acetone.

4 Acetone (1 u\) was topically applied within 4 h of emergence, 75 h, and 128 h.
5 Clonidine (20 ug) was injected at 152-154 h in 1 u\ saline.
6 Saline (1 u\) was injected at 152-154 h.
7

8

9

One female was placed with 3 males for a period of 15 h beginning at 152-154 h post¬
emergence.
The number of females inseminated over the total number of females through three
trials.
Percentages which are not followed by the same letter within each group are
significantly different insemination percentages (chi-square tests; p <

0.001).

69

References Cited
Barton-Browne, L., Bartell, R.J., van Gerwen, A.C.M. and Lawrence, L.A. (1976)
Relationship between protein ingestion and sexual receptivity in females of the
Australian sheep blow fly Lucilia cuprina. Physiol Ent. 1, 235-240.
Blomquist, G.J., Adams, T.S., Halamkar, P.P., Gu, P., Mackay, M. and Brown, L.S.
(1992) Ecdysteroid induction of sex pheromone biosynthesis in the housefly,
Musca domestica - are other factors involved?./ Insect Physiol. 38, 309-318.
Bowers, W.S. and Martinez-Pardo, R. (1977) Anti-allatotropin. Inhibition of corpus
allatum development. Science 197, 1369-1371.
Bowers, W.S., Ohta, T., Cleere, J.S. and Marsella, P.A. (1976) Discovery of insect anti¬
juvenile hormones in plants. Science 193, 542-547.
Burks, C.S., Evans, L.D., Kim, Y. and Krafsur, E.S. (1992) Effects of precocene and
methoprene application in young adult Musca autumnalis. Physiol. Entomol. 17,
115-120.
Chang, F., Hsu, C.L., Jurd, L. and Williamson, D.L. (1984) Effect of precocene and
benzyl-1,3-benzodioxole derivatives on sex attractancy in the Mediterranean fruit
fly (Diptera: Tephritidae). Ann. Entomol. Soc. Am. 77, 147-151.
Chen, A.C. and Friedman, S. (1975) An isotonic solution for the adult blow fly, Phormia
regina, and its application to perfusion experiments. J. Insect Physiol. 21,
529-536.
Hsu, C.L. and Chang, F. (1982) Interferences with JH production as a possible cause for
the effect of precocene II on sex attractancy in the Mediterranean fruit fly
(Diptera: Tephritidae). Ann. Entomol. Soc. Am. 75, 363-365.
Kelly, T.J. and Fuchs, M.S. (1978) Precocene is not a specific antigonadotropic agent in
adult female Aedes aegypti. Physiol. Ent. 3, 297-301.
Landers, M.H. and Happ, G.M. (1980) Precocene inhibition of vitellogenesis in
Drosophila melanogaster. Experientia 36, 619-620.
Qin, W.-H. (1996) The role of the corpus allatum in the control of life processes in
Phormia regina (Meigen). Master’s Thesis. University of Massachusetts Amherst.
Samaranayaka-Ramasamy, M. and Chaudhury, M.F.B. (1981) Precocene treatment of the
female tsetse fly sterilizes her offspring. Experientia 37, 1027-1029.

70

Samaranayaka-Ramasamy, M. and Chaudhury, M.F.B. (1982) Precocene-induced
sterility in the Fj generation of Glossina morsitans morsitans. J. Insect Physiol
28, 559-569.
Staal, G.B. (1986) Anti-juvenile hormone agents. Ann. Rev. Entomol. 31, 391-429.
Stoffolano, J.G., Jr. (1974) Influence of diapause and diet on the development of the
gonads and the accessory reproductive glands of the black blow fly, Phormia
regina. (Meigen). Can. J. Zool. 52, 981-988.
Wilson, T.G., Landers, M.H. and Happ, G.M. (1983) Precocene I and II inhibition of
vitellogenic oocyte development in Drosophila melanogaster. J. Insect Physiol
29, 249-254.
Yin, C.-M., Zou, B.-X. and Stoffolano, J.G., Jr. (1989) Precocene II treatment inhibits
terminal oocyte development but not vitellogenin synthesis and release in the
black blow fly, Phormia regina Meigen. J. Insect Physiol. 35, 465-474.

.71

CHAPTER V

CLONIDINE’S ABILITY TO ENHANCE FEMALE INSEMINATION IN
ALLATECTOMIZED FEMALES AND THE EFFECT OF THE DRUG ON JH
SYNTHESIS/RELEASE

Introduction
In Chapter 4, it was demonstrated that a significant percentage of precocenetreated, sugar-fed females can be inseminated after injection with clonidine. This would
suggest that the CA may not play a dominant role in the insemination-enhancing effects
of clonidine since precocene inhibits JH synthesis/release.
To further test the hypothesis that the CA may not play a role in the insemination¬
enhancing effects of clonidine, two more experiments were conducted to provide stronger
evidence for this hypothesis. If my hypothesis is valid, then injection of clonidine into
allatectomized
inseminated.

females

should

maintain

the

percentages

of females

becoming

Secondly, measurements of JH synthesis/release after injection with

clonidine should reveal that clonidine does not have a stimulatory effect on the CA. In
the present study, these two approaches were utilized to determine a role for the CA in
female insemination following administration with clonidine.
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Materials and Methods
Allatectomy
The rearing and maintenance of flies followed the procedure discussed in Chapter
3. On day 4 (approximately 96 h post-emergence), females were anesthetized with C02
and placed on ice for at least 5 min prior to surgery.

Plasticine was used to hold the

female in place. The head was bent forward and a short, thin strip of plasticine was used
to keep the head bent forward. The neck was fully exposed. Forceps were used to open
the neck membrane and to expose the CC-CA. The CA was removed using forceps. The
forceps were rinsed with 70% ethanol between surgeries. Allatectomized females were
placed into 8 x 11.5-cm cups (< 7 per cup) containing a kimwipe and a 4 x 4-cm cup of
4.3% sucrose.

At least 10 holes were placed in the lid of the 8 x 11.5-cm cup.

This

protocol used new cups for each batch of flies and was an attempt to limit the mortality
due to microbial infections that could be a problem if the flies were placed into used
cages immediately following injection. One day later, the females were released from the
cup into a cage.

Control (non-allatectomized) females were anesthetized with C02,

placed on ice, and then placed into 8 x 11.5-cm cups.

One day later they were also

released from the cups into a cage. The mortality from emergence to before clonidine
injection at 152-154 h usually averaged around 40% for the allatectomized females.
Bioassay and Injection Procedure
The injection procedure followed that outlined in Chapter 2.

Clonidine

hydrochloride (20 ug) was dissolved in 1 u\ of 145 mM NaCl. Females were injected
with either 1 u\ of clonidine or saline at 152-154 h.
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Treatment groups were set up:

clonidine and CA', clonidine and sham-operated control, saline and CA', and saline and
sham-operated control. Mating trials and the spermathecae removal have been previously
described (Chapter 3).
Measurement of JH Biosynthesis/Release After Injection with Clonidine
In a separate experiment, females were anesthetized with C02, placed on ice, and
the CC-CA complexes were extirpated at 1,3,5, and 7 h post-injection in the manner
described above.

JH biosynthesis and release were obtained using a previously

established radiochemical assay (Zou et al, 1989).

Five CC-CA complexes from

clonidine-injected females and five from saline-injected females were placed into two
separate 6 x 50-mm borosilicate glass culture tubes each containing 50 wl

of TC 199

medium lacking methionine and supplemented with calcium chloride (5 mM) and Ficoll
'j

(20 mg/ml). To this medium was added L- [ H] methyl-methionine (NEN, final specific
radioactivity 200 mCi/mmol; final concentration 160 wM).

Complexes were incubated

with shaking at 200 rpm (junior orbital shaker, Lab-Line Instruments Inc.) for 5 h under
constant darkness at 27°C. At the conclusion of the incubation period, the medium was
extracted with iso-octane (150 u\) three times per 50 u\ of medium. For each extraction,
the medium and iso-octane were vortexed and sonicated in order to form an emulsion.
The emulsified medium/iso-octane mixture was centrifuged at 1,816 g for 20 min and the
upper organic phase was carefully removed using a capillary pipette and placed into a 6 x
50-mm borosilicate culture tube. Liu et al. (1988) finds that when the medium and the
CC-CA complexes were extracted separately with iso-octane, 97.8% of the radiolabeled
products synthesized during a 4-h incubation period were removed from the medium
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while only 2.2% was recovered from the glands.

Hence, the radioactivity that is

determined will accurately reflect the quantity of JH synthesized and released. The
organic phase was dried under a steady stream of air. To each tube was added 400 u\ of
scintillation fluid (Aquasol - 2, N.E.N.) and each tube was placed into a 7-ml borosilicate
glass counting vial (Fisher Scientific, Pittsburgh, PA). Radioactivity was determined by
liquid scintillation spectrometry (Rackbeta 1209) with a counting efficiency of 58.18%.
Labeled JH in each tube was counted for a one minute duration. Incorporation of [3H]
methyl was calculated and expressed as fmol/h/pr CA.

Radioactivity in medium not

containing CC-CA complexes was considered background radioactivity and was
subtracted from the radioactivity incorporated by incubating the CC-CA complexes. For
each time post-injection, three replications were performed.
Results
Effect of Clonidine on Female Insemination in Allatectomized Females
As hypothesized, the percentage of sham-allatectomized/clonidine-treated females
inseminated was significantly different (p< 0.001) from the sham allatectomized/salinetreated females (53.3% and 3.2% respectively) (Table 5.1).

The percentage of CA’

/clonidine-treated females inseminated was significantly different (p< 0.001) from the
percentage of CA’/saline-treated females inseminated (56.0% and 0.0% respectively).
The two clonidine treated groups were not significantly different from one another.
Mortality among the CA’ flies during the period in which the female was with the three
males was 13.3% for the saline-injected females and 16.7% for the clonidine-injected
females.

75

Effect of Clonidine on JH Synthesis/Release
JH synthesis/release steadily increased from 1 to 7 h post-injection in the saline
controls, while the synthesis/release remained fairly static during the same time period in
the clonidine-treated females (Figure 5.1). There were no significant differences in JH
biosynthesis/release between the controls and the clonidine-treated females at 1,3,5, and 7
h post-injection (Mann-Whitney test).
Discussion
The present study provides evidence that the CA does not play a dominant role in
the insemination-enhancing effects of clonidine in sugar-fed females.
enhances

insemination

in

allatectomized

females

and

measurement

Clonidine
of

JH

synthesis/release after injection with clonidine administration reveals that synthesis and
release is not significantly affected.

This provides more evidence to indicate that an

octopaminergic agonist (Evans, 1981) can enhance female insemination in insects and it
is able to do so without the CA playing a dominant role (Chapter 4).
This is also the first study to determine the effects of an injected aminergic
agonist on JH synthesis/release.

The effects of aminergic compounds on JH

synthesis/release, in vitro, has been tested in other insects. OA has been found to increase
JH release from the CA in the worker honeybee (Kaatz et al., 1994), the larval honeybee
(Rachinsky, 1994), and the adult locust (Lafon-Cazal and Baehr, 1988). OA inhibits JH
synthesis in 2-day-old virgin and 4-day-old mated female cockroaches (Thompson et al.,
1990) and in the adult cricket (Woodring and Hoffmann, 1994).

5-HT stimulates JH

synthesis in worker honeybee larvae (Rachinsky, 1994). DA stimulates JH production in
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2-day old female cockroaches (before vitellogenesis) while JH synthesis is inhibited by
DA in 6-day old glands (after vitellogenesis) (Pastor et al., 1991).
Since the CA does not seem to perform a significant role in the insemination¬
enhancing effects of clonidine, it is proposed that clonidine may be acting downstream
from the CA. Clonidine may be acting on the regulatory mechanisms involved in female
insemination rather than acting to enhance JH synthesis/release.
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Table 5.1 The effect of clonidine on female insemination in allatectomized, sugar-fed
female Phormia regina1,2,3,5

Treatment
Sham CA + saline
Sham CA + clonidine
C A’ + saline
CA' + clonidine

% Insemination
X

#/N
1/31
16/30
0/27
14/25

3.2
53.3
0.0
56.0

A
B
A
B

% Mortality4
0.0
0.0
13.3
16.7

1 Females were 152-154 h of age at the time of injection.
2

One female was placed with three males for 15 h.
3

Three replicates were performed.

4 The % mortality during the experiment.
5 Insemination percentages not followed by the same letter are significantly different
(chi-square tests; p< 0.001).
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Figure 5.1 The effect of clonidine on JH synthesis/release in sugar-fed, female Phormia
regina at 1,3,5, and 7 h post-injection. Females were injected at 152-154 h post¬
emergence. Each point represents three replicates of 5 CC-CA complexes. For each
time, there are no significant differences between the saline and clonidine-injected flies
(Mann-Whitney test).
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JH synthesis and release post-injection with clonidine (fmol/h/pr CA)
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CHAPTER VI
GENERAL DISCUSSION

In P. regina, a protein meal is required for a female to become receptive.

The

protein meal causes the midgut peptide hormone to be released and this factor stimulates
the brain,

which somehow activates the CA to synthesize and to release JII. I proposed

earlier that JH may be acting on the nervous system to bring about receptive behavior and
that ammergic neurons in the nervous system probably play key roles in receptivity. The
depletion of amines results in the significant inhibition of receptivity which is consistent
with what I proposed earlier in this thesis.
The
unreceptive

injections
females,

of particular aminergic
enhance

female

agonists

receptivity

which

into
was

sugar-fed,
based

on

normally
female

insemination. One particular aminergic agonist, clonidine, enhances female insemination
without affecting JH biosynthesis. It is unclear whether or not OA, DA, or naphazoline
are able to act in a similar manner.
It would be virtually impossible, at this present time, to provide a definitive
picture of the manner in which a female becomes receptive. Nevertheless, the studies on
protein and sugar-fed females allow one to develop a model demonstrating a possible
interaction of JH and the biogenic amines to influence the development of receptive
behavior. In protein-fed females, JH may be acting on aminergic processes in the CNS or
PNS. In the absence of a protein meal, the levels of JH needed to activate the neural or
hormonal mechanisms (i.e., aminergic) is not achieved. Nevertheless, I have shown that
receptivity, and most likely these mechanisms, can be activated
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in the absence of a

protein meal by the exogenous administration of a JH analogue and/or the injection of an
aminergic agonist. Therefore, the only part of the process leading up to receptivity that
requires a protein meal occurs at the CA and those events upstream from the CA.

In

other words, the CNS and/or PNS is prepared to turn on receptive behavior in the absence
of a protein meal, but it first needs to be activated by JH. Only a protein meal can lead to
adequate JH litres which in turn lead to this effect. If the CNS is the primary target of JH,
the sensory or motor mechanisms involved in receptivity in the PNS may then be
activated. Based on other studies, which have demonstrated that biogenic amines
influence sensoiy or motor mechanisms, it is possible that the sensory or motor
mechanisms in the peripheral nervous system (PNS) in P. regina may be stimulated or
modified by the biogenic amines.
One method of providing evidence that the CNS is prepared to activate
receptivity, regardless of whether or not the female has ingested a protein meal, is to
compare the levels of amines in sugar-fed females with that of allatectomized (within 4 h
after emergence) protein-fed females.

One should probably see no differences in the

levels of amines. Next, one should compare amine levels in sugar-fed females treated
with methoprene with those not treated with methoprene. In protein-fed females, levels
should be compared between allatectomized and normal females of the same age. One
will be able to determine what effect, if any, JH has on the CNS.

There remains the

possibility that JH acts on the PNS without acting on the CNS or that JH acts on the PNS
and CNS simultaneously, but at the very least one should be able to determine if JH acts
at the CNS using the methods described above.
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JH possibly acts on aminergic mechanisms in the nervous system to influence
receptive behavior, but what is the allatotropic factor responsible for the stimulation of JH
biosynthesis? Earlier I mentioned that there have been studies done on the effects of the
biogenic amines on the CA in vitro. In these studies, amines either had a stimulatory
and/or inhibitory effect on JH biosynthesis. In the honeybee, it has been shown that
octopamine will stimulate JH biosynthesis and that there are fibers immunoreactive to
OA in the CA (Kaatz et ah, 1994). It has also been shown that octopaminergic neurons
innervate the CC (which is closely associated with the CA) of the locust and that these
neurons are responsible for the release of hyperlipemic hormone (Orchard et al., 1993).
CA incubated in the presence of OA will result in the stimulation of JH biosynthesis in
the locust (Lafon-Cazal and Baehr, 1988). Therefore, in P. regina, it seems possible that
the allatotropic factor responsible for JH biosynthesis may be aminergic, at least in part,
although as of yet there is no evidence in P. regina to support or to refute this hypothesis.
In order to test this, anti-sera for the biogenic amines could be used to test for the
presence or absence of aminergic varicosities in the CC-CA complex region. In addition,
the incubation of the CA in the presence of various amines in vitro may also show that
amines can influence CA activity.
Once again, a protein meal is required for the midgut peptide hormone to activate
the brain. The brain may activate the CA to synthesize and to release JH via an aminergic
pathway. High titres of JH in the hemolymph will signal the CNS and/or PNS to activate
the neural and/or hormonal mechanisms involved in receptivity. Whether the female has
been sugar-fed or protein-fed, the nervous system is always prepared to receive the signal
from JH. Once the events in the nervous system (either PNS and CNS or both) have been

84

activated, receptivity will be turned on by the sensory and motor pathways involved in
receptivity which may be aminergic or peptidergic in nature.
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Figure 6.1 Regulation of sexual receptivity in Phormia regi,
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